The expression "linear growth" was coined by Monod (1949) to describe a type of bacterial growth wherein the increase in bacterial density exists as a straight line function of time, in contrast to the usual state where the logarithm of the bacterial density has such a relationship. This phenomenon has been observed by Jordan and Jacobs (1944) as a post-logarithmic growth phase of Escherichia coli grown under conditions where a constant food supply was maintained. It has also been described by Schaefer (1949) as characterizing the type of growth manifested by a streptomycin-dependent strain of Bacillus subtilis growing in a streptomycin-free medium. It is the purpose of this communication to report the regular occurrence of such linear growth as a growth phase of Mycobacterium tuberculosis var. hominis, strain H37Rv, under the conditions of our experiments. We believe, moreover, that the term "arithmetic linear growth" more accurately describes this state than the term "linear growth."
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MATERIALS AND METHODS
The culture medium employed was a modification of the Dubos (1945) "tweenalbumin" liquid medium, and had the following composition: asparagine 0.5 per cent, monopotassium phosphate 0.5 per cent, potassium sulfate 0.05 per cent, magnesium citrate 0.15 per cent, and "tween 80" (polyoxyethylene sorbitan monooleate) 0.02 per cent. Prior to autoclaving, the pH was adjusted to 6.8 to 7.0, and following sterilization, bovine albumin (fraction V, Armour) and glucose were added to give a final concentration of 0.2 and 0.5 per cent, respectively. The medium was then dispensed in 7.0 ml amounts in aluminumcapped round optical cuvettes (Coleman "7-304") measuring 19 by 150 mm. The inocula used were obtained either from 7 or 8 day cultures of this organism in the above medium, or from triturated pellicle growth of a 21 day culture in a similar medium containing 2 per cent glycerol but without "tween," albumin, and glucose. The source of inoculum did not cause any discernable difference in the occurrence and nature of arithmetic linear growth. The optical cuvettes were inoculated in quadruplicate with 0.5 ml of bacterial suspension so that approximately 10 million organisms per ml were initially present in the medium. The tubes were incubated in an upright position in an air incubator at 37 i 1 C, and growth was measured turbidimetrically at 24 hour intervals for a total of 19 days. Prior to each daily determination, each tube was well shaken so that 32(a The validity of the former instrument for the measurement of the growth of tubercle bacilli in a well dispersed state has been established by Smith (1947) and Schaefer, Marshak, and Burkhart (1949) . The photonephelometer, which employs scattered light as a direct measure of bacterial concentration, has been found by Fisher (1951) to be suitable for measuring the growth of tubercle bacilli in various liquid media. With this instrument, "nephelos" units correspond directly to the bacterial concentration, and in this medium 1 such unit was found to be equivalent to approximately 500 thousand tubercle bacilli per ml.
RESULTS
The results of a typical experiment are presented in table 1 with a corresponding graph (figure 1) plotted with arithmetic as well as logarithmic values on the ordinates. It is apparent from this graph that growth was typically "logarithmic" in nature for the first 4 days, and was then followed by an arithmetic linear growth phase for the succeeding 12 days. The growth after 16 days appeared to enter a true stationary phase. In approximate absolute values, exponential growth began with an initial concentration of 10 million cells per ml and continued until a population of 100 million cells per ml was attained. Subsequent growth was arithmetically linear to a concentration of about 850 million cells per ml. Although the data presented are based on photonephelometer readings, essentially similar results were obtained with the spectrophotometer.
DISCUSSION
The phenomenon of arithmetic linear growth was reproducible in replicate experiments with M. tuberculosis var. hominis, strain H37Rv, in the medium employed in this study. Additional studies now in progress indicate that a relatively long arithmetic linear growth phase characterizes the growth of other human as well as bovine varieties of M. tuberculosis, not only in the medium described but also in liquid media without dispersing agents. The existence of this phase may also be deduced from some of the types of growth curves obtained by Youmans (1946) and Sattler and Youmans (1948) for M. tuberculosis where growth was measured by bacterial nitrogen determinations.
Further studies are indicated to define the conditions under which this phenomenon occurs, as well as the factors which may be responsible for this type of growth. Although Monod (1949) postulated the absence of an essential metabolite as possibly accounting for the arithmetic linear growth of the streptomycin-dependent B. subtilis previously referred to, other possibilities must be considered in the present instance. These may be factors causing the gradual production of inhibitory conditions, such as oxygen depletion or the accumulation of toxic materials. An additional consideration is the fact that turbidimetry measures total rather than viable bacterial concentrations, so that a particular combination of autolysis and true exponential growth might produce the observed effect. In any event, the elucidation of the phenomenon of arithmetic linear growth may provide new information on the physiology of tubercle bacilli.
The fact must be emphasized that typical exponential growth was observed as the initial growth phase in these studies. By extrapolation of our data as well as consideration of the indirect evidence furnished by Youmans and Youmans (1949) , it is likely that the growth of smaller inocula is logarithmic. It is also possible that the arithmetic linear growth phase is in actuality the negative acceleration phase of the tubercle bacillus under the described conditions. However, examination of some data on this phase with bacteria other than mycobacteria indicates that a straight line arithmetic relation does not occur under ordinary conditions (Fisher, 1951) . The duration of arithmetic linear growth, moreover, appears to be proportionally much longer for the tubercle bacillus than would be expected for a typical negative acceleration phase. We do not propose that arithmetic linear growth is necessarily a fundamental characteristic of tubercle bacilli, but it might reflect the development of suboptimal conditions in liquid media employed for the study of submerged growth.
SUMMARY
The results of the present investigation establish that the growth of Mycobacterium tuberculosis var. hominis, strain H37Rv, in a modified Dubos "tweenalbumin" liquid medium is characterized by a relatively long arithmetic linear growth phase which occurs subsequent to logarithmic growth. Additional studies indicate that this phenomenon is not peculiar to this strain of M. tuberculosis or to the particular type of liquid medium used. Factors which might be responsible for the occurrence of arithmetic linear growth have been discussed.
